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Abstract 
A number of heat storage modules for seasonal heat storages based on stable supercooling of a sodium acetate water 
mixture have been tested by means of experiments in a heat storage test facility. The modules had different volumes 
and designs. Further, different methods were used to transfer heat to and from the sodium acetate water mixture in the 
modules. 
By means of the experiments: 
x The heat exchange capacity rates to and from the sodium acetate water mixture in the heat storage modules were 
determined for different volume flow rates. 
x The heat content of the heat storage modules were determined. 
x The reliability of the supercooling was elucidated for the heat storage modules for different operation conditions. 
x The reliability of a cooling method used to start solidification of the supercooled sodium acetate water mixture 
was elucidated. The method is making use of boiling CO2 in a small tank in good thermal contact with the outer 
surface of the heat storage module. 
x Experience on operation of the heat storage modules was gained. 
 
Based on the investigations recommendations for future development of a seasonal heat storage based on stable 
supercooling of a sodium acetate water mixture are given.   
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1. Background 
Calculations have shown that a 36 m² solar heating system can fully cover the yearly heat demand of a 
low energy house in Denmark if the solar heating system is equipped with a 6 m3 seasonal heat storage 
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with a sodium acetate water mixture supercooling in a stable way. The heat storage is divided into a 
number of separate heat storage modules. 
The heat storage module concept is based on the advantage of stable supercooling. By using this 
concept the heat storage module will have no heat loss for a long period making seasonal heat storage 
possible. If a sodium acetate water mixture, which has a melting point of 58°C, has been fully melted 
during the sunny summer, it can cool down in its liquid phase to the surrounding temperature and still 
preserve the latent heat related to the heat of fusion. The heat storage module can be left in this state with 
no heat loss until a heat  demand occurs in the house in the winter, in which case solidification is 
activated, the heat of fusion is released, and the heat storage temperature increases almost immediately to 
the melting point. 
Investigations carried out during participation in the IEA Task 32 project “Advanced storage concepts 
for solar and low energy buildings” and in the IEA task 42 project “Compact Thermal Energy Storage: 
Material Development and System Integration” form a good basis for development of a seasonal heat 
storage, [1]-[12]. 
 
2. Tested heat storage modules 
Three differently designed heat storage modules with a sodium acetate mixture consisting of 58% 
(weight%) sodium acetate and 42% (weight%) water have been tested in a laboratory heat storage test 
facility. The salt water mixture volumes of the heat storage modules are 234 l, 208 l and 160 l. 
Fig 1 shows a schematic sketch of the first heat storage module with approximated dimensions in mm. 
The module material is steel and the wall thickness is 2 mm. Both the upper and lower surfaces of the flat 
module are used as heat transfer areas for heat transfer to and from the module. Water, which is used as 
the heat transfer fluid, is pumped through two copper absorbers placed below and above the module as 
shown in Fig 2. Wooden slats are placed above and below the absorber strips in such a way that there will 
be a good thermal contact between the fins and the module surfaces. The construction is insulated with 
100 mm mineral wool. 
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1: Wooden slats. 2: Salt water mixture in steel module. 3 & 9: Copper pipes. 4 & 8: Absorber fin. 5: 
Mineral wool. 6: Bottom of module. 7: Paste with good thermal conductivity.   
Fig. 2. Principle sketch of the first heat storage module with heat transfer system and insulation 
The module is filled with 305 kg salt water mixture corresponding to a module volume of about 234 l. 
Fig 3 shows photos of the module inclusive thermocouples for measurements of the module surface 
temperatures. The flat module is placed with a small tilt from horizontal.  
 




Fig. 3. Photos of the first heat storage module 
The heat storage module has been tested by means of two different heat transfer methods. Fig 4 shows 
photos of the heat storage module using the second heat transfer method. Fig 5 shows a schematic sketch 
of the lower part of the heat storage module. The heat storage module is placed in a stainless steel 
container with small separate rooms for water below and above the module. Silicone pipes are attached to 
the upper and lower surfaces of the module in such a way, that water pumped through the separate rooms 
will flow through the rooms in a serpentine way, guided by the silicon pipes. The water will therefore 
flow through the lower room in direct contact with all parts of the lower module surface, and water will 
flow through the upper room in direct contact with all parts of the upper module surface. Heat is 
transferred from/to the salt water mixture, to/from the upper or lower module surface and the water is 
flowing through the upper or lower room. 
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Fig. 4. Photos of the first heat storage module with silicone pipes attached to the upper surface 
 
Fig. 5. Schematic sketch of the lower part of the first heat storage module 
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Fig 6 shows a photo of the second heat storage module and Fig 7 shows a schematic sketch of the heat 






























Fig. 7. Schematic sketch of the heat exchangers of the second heat storage module 
The heat storage module material is steel and all wall thicknesses are 2 mm. The heat storage module 
is a flat sandwich construction with a 5 cm salt water mixture room surrounded by two 2 mm heat 
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exchanger rooms with water below and above the salt water mixture room. The heat exchanger rooms are 
welded together with the salt water mixture room. Heat is transferred to and from the salt water mixture 
by means of water flowing through the heat exchanger rooms in a serpentine way. Rigid steel bars are 
welded together with the module with the aim to maintain the geometry of the module. The length and the 
width of the module are 3000 mm and 2000 mm. The volume of the salt water mixture in the module is 
208 l. 
Fig 8 shows a photo of the third heat storage module. 
 
Fig. 8. Photos of the third heat storage module with two holes at the left hand side of the module used to fill in the salt water mixture 
The heat storage module material is steel and all wall thicknesses are 2 mm. The heat storage module 
is a flat sandwich construction with a 5 cm salt water mixture room surrounded by two 2 mm heat 
exchanger rooms with water below and above the salt water mixture room. The heat exchanger rooms are 
welded together with the salt water mixture room. Heat is transferred to and from the salt water mixture 
by means of water flowing through the heat exchanger rooms in 16 parallel channels. The length and the 
width of the module are 2.454 m and 1.208 m. The volume of the salt water mixture is 160 l. 4 steel bars 
inside the salt water mixture room are welded together with the inner surfaces of the room in order to 
maintain the geometry of the module, and two pipes used to fill in the salt water mixture are located at 
one end of the module in such a way that the salt water mixture is filled in the module, when the module 
is in a vertical position. The pipes are placed in such a way, that a part of the salt water mixture will be 
placed outside the 2.454 m and 1.208 m plane.  
 
A small brass tank shown in Fig 9 is in good thermal contact attached to the outer surface of the side of 
the modules. This brass tank, which has a pressure of 5 bar, can be filled with liquid CO2 from a pressure 
container. The boiling point of the CO2 in the brass tank is thus -78°C. As described in [10], the 
solidification of the salt water mixture can be started by cooling down a small part of the supercooled salt 
water mixture to -16°C by boiling a small amount of CO2 in the small brass tank. 
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Fig. 9. Brass tank with CO2 used for starting the solidification 
3. Experience from tests of heat storage modules 
The three heat storage modules have been tested in a laboratory heat storage test facility. The 
following short term tests have been carried out for the modules: 
x Charge tests through the bottom of the modules 
x Charge tests though the bottom and the top of the modules 
x Test periods without charge and discharge 
x Discharge tests through the top of the modules 
x Discharge tests through the top and the bottom of the modules 
x Activation of solidification by boiling CO2 on outer surface of modules 
 
Further, experience on filling in the salt water mixture in the modules has been gained. 
 
The following experience was gained from the tests: 
x Stable supercooling is achieved in the first and second module if all crystals are melted 
x Supercooling is not achieved in the third module, most likely due the irregular inner surface 
of the salt water mixture room caused by the 4 steel bars or by unmelted crystals remaining in 
the pipes used to fill in the salt water mixture 
x The activation of solidification by using boiling CO2 is reliable 
x No problems on reliability/durability of the salt water mixture so far 
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x The measured heat content of the modules is reasonable close to the calculated heat content of 
the modules 
x The heat exchange capacity rates to and from the first module are far lower than the required 
500 W/K, both when using the copper absorbers and by using water in direct contact with the 
surfaces of the module. 
x The heat exchange capacity rates to and from the second module are close to the required 500 
W/K, if both the upper and lower heat exchangers are used. 
x The second module is too heavy to fill in horizontal position. Only 271 kg salt water mixture, 
corresponding to 208 l, that is 69% of the potential salt water mixture volume of 300 l, was 
filled in the module. Air remained in the salt water room during the tests. 
x The pressure established by circulation pumps circulating water through the heat exchangers 
of the second module is so high, that it resulted in deformation of the module, see Fig 10. 
x The heat exchange capacity rates to and from the third module are, assuming that the module 



















Fig. 10. Photo of the damaged second heat storage module 
4. Recommendations for development of a seasonal heat storage module 
A height of about 5 cm of the salt water mixture room of a heat storage module is suitable. Heat 
exchangers above and below the salt water mixture room with water rooms with a height of 2 mm and 
with parallel channels, through which water is flowing, are suitable. The heat exchangers must be point 
welded to the outer surfaces of the salt water room to make a durable construction. 
The inner part of the salt water room must be smooth without any “equipment” to stabilize the 
construction. The holes used to fill the salt water mixture into the salt water room must be placed at the 
end of the module, so that the module can be completely filled in a vertical position. The holes must be 
designed, so that no crystals can be placed outside the dimensions of the salt water mixture room. 
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5. Future work 
COMTES, a research project aiming to develop and demonstrate compact seasonal heat storage 
technologies have recently been started, [14]. The duration of the project, which is supported by EU, is 4 
years. Among other things, a seasonal heat storage based on the technology described in this paper will be 
developed and demonstrated in a full scale solar heating system for a one family house. The partners 
working together within this field are Graz University of Technology, Austria, Velux A/S, Nilan A/S and 
Technical University of Denmark. 
References 
[1] Schultz JM, Furbo S. Heat of fusion storage systems for combined solar systems in low energy buildings. EuroSun 2004 
Congress Proceeding. Freiburg,Germany. 
[2] Schultz JM, Furbo S. Investigation of heat of fusion storage for solar low energy buildings. ISES Solar World 2005 Congress  
Proceedings. Orlando, USA. 
[3] Furbo S, Andersen E, Schultz JM. Advanced storage concepts for thermal systems in low energy buildings. Slutrapport. 
Report no. SR-06-01. Department of Civil Engineering, Technical University of Denmark, 2006, can be downloaded from: 
http://www.byg.dtu.dk/Forskning/hentned.aspx. 
[4] Schultz JM, Furbo S. Heat of fusion storage with high solar fraction for solar low energy buildings. EuroSun 2006 Congress 
Proceedings. Glasgow, Scotland. 
[5] Schultz JM, Furbo S. Solar heating systems with heat of fusion storage with 100% solar fraction for low energy buildings. 
ISES Solar World 2007 Congress Proceedings. Beijing, China. 
[6] Schultz JM. Type 185. Phase change material storage with supercooling. Department of Civil Engineering, Technical 
University of Denmark, 2008. 
[7] Streicher W (editor). Final report of Subtask C “Phase Change Materials”. The overview. A report from IEA Solar heating 
and Cooling Programme Task 32 Advanced Storage Concepts for solar and low energy buildings. Report C7 of Subtask C, 2008. 
Can be downloaded from: http://www.iea-shc.org/publications/downloads/task32-c7.pdf. 
[8] Schultz JM, Andersen E, Furbo S. Advanced storage concepts for solar and low energy buildings, IEA-SHC Task 32. 
Slutrapport. Report no. SR-08-01, 2008. Department of Civil Engineering, Technical University of Denmark, can be downloaded 
from: http://www.byg.dtu.dk/Forskning/hentned.aspx. 
[9] Streicher W, Heinz A, Bony J, Citherlet S, Cabeza L, Schultz JM, Furbo S. Results of IEA SHC Task 32: Subtask C: Phase 
Change Materials. EuroSun 2008 Congress Proceedings. Lisbon, Portugal.  
[10] Furbo S, Dragsted J, Fan J, Andersen E, Perers B. Towards seasonal heat storage based on stable super cooling of sodium 
acetate trihydrate. EuroSun 2010 Congress Proceedings. Graz, Austria. 
[11] Furbo S, Dragsted J, Fan J, Chen Z, Andersen E, Perers B. Experiomental studies on seasonal heat storage based on stable 
supercooling of a sodium acetate water mixture. ISES Solar World Congress 2011 Proceedings. Kassel, Germany. 
[12] Fan J, Furbo S, Chen Z, Andersen, E, Perers B. Heat transfer capacity of a heat exchanger module for seasonal heat storage. 
ISES Solar World Congress 2011 Proceedings. Kassel, Germany. 
[13] Fan, J, Furbo, S., Andersen, E, Chen, Z, Perers, B, Dannemand, M. Thermal behaviour of a heat exchanger module for 
seasonal heat storage. SHC 2012 Conference Proceedings, San Francisco, USA. 
[14] van Helden, W, Thür, A, Weber, R, Furbo, S, Gantenbein, P, Heinz, A, Salg, F, Kerskens, H, Williamson, T, Sørensen, H, 
Isaksen, K, Jänchen, J. COMTES: Parallel development of three compact systems for seasonal solar thermal storage; introduction. 
InnoStock 2012 Conference Proceedings, Lleida, Spain. 
 
 
